
National Center for Biotechnology Information, National Library of Medicine, National Institutes of Health, DHHS

Update on the Eukaryotic 
Genome Annotation Pipeline

Françoise Thibaud-Nissen

PAG XXIII January 10-14, 2015



National Center for Biotechnology Information

Over 200 organisms annotated

Taxonomic group Count

Primates 15

Rodents 14

Other mammals 47

Birds 51

Fish 18

Other vertebrates 8

Invertebrates 26

Plants 26
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Number of annotations released per year
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Plants 20
Birds 40
Fish 12
Primates 10
Other mammals 27
Other vertebrates 4
Insects 7

Other invertebrates 2

Total for 2014 122
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Inputs to the annotation pipeline

•Public data!
• Assemblies submitted to GenBank, ENA or DDBJ

• RNA-Seq available in SRA

• Transcripts, proteins, ESTs

• TSA (Transcript Shotgun Assemblies) 
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RNA-Seq

Use of TSAs and 
transcripts for 
“filling” genomic gaps

Annotation reports

The annotation pipeline
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RNA-Seq incorporation into model prediction
- spring of 2013

• Query of the data in SRA

• Uniq’ing of reads queried from SRA

• Alignment to the genome

• Collapsing of compatible alignments

• Tracking of runs and samples associated with a model 
prediction for downstream evalutation of the models 
produced

A computational challenge!
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Impact of RNA-Seq on gene prediction
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Use of TSAs and 
transcripts for 
“filling” genomic gaps

The annotation pipeline
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Model prediction - Gnomon

assemblies of 
compatible alignments

Filtered transcripts alignments Filtered protein alignments
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4

Gap-filling: using transcripts to compensate 
for missing genomic sequence – April 2014

Genomic sequence

Transcript alignment 
1 32

Gap-filled RefSeq model 

NNN...NNN

XM_007659754.1: Ornithorhynchus anatinus corticotropin releasing hormone binding protein (CRHBP), mRNA
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Impact of gap-filling on annotation

Species
Number of gap-filled 

gene
Number of TSA 

available

Green anole (Anolis carolinensis) 3,948 8,538,081

Rabbit (Oryctolagus cuniculus) 3,804 2,180,071

Elephant shark (Callorhinchus milii) 2,820 17,031

Marmoset (Callithrix jacchus) 2,385 210,006

Chimpanzee (Pan troglodytes) 1,654 119,002

Black rockcod (Esox lucius) 1,516 38,696

Chinese hamster (Cricetulus griseus) 1,256 63,953

Elaeis guineensis (African oil palm) 1,073 147,058
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The annotation pipeline
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Final annotation (in RefSeq and Gene)

Selection of the best models for RefSeq

Aligned 
known RefSeq 

sequences
Gnomon predictions

BLAST dbs
FTP

Filtering based on:
• Redundancy with 
better models at the 
same locus
• Evidence support
• Number of exons
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Key features of the pipeline

• Higher weight given to known RefSeq sequences

• Extensive use of RNA-Seq data for gene prediction

• Annotation of splice variants

• Compensation of inaccuracies in genomic sequence in 
RefSeq models
• Correction of indels
• Correction of frameshifts
• Gap-filling with transcript data

• Use of orthology calculation for protein naming

• Tracking of genes from annotation version to the next

• Possibility to annotate multiple assemblies for the same 
organism in parallel
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Annotation in progress
http://www.ncbi.nlm.nih.gov/genome/annotation_euk/status
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Annotation reports – December 2013
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Annotation reports – December 2013
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Annotation reports – alignemnts
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Annotation reports – alignemnts
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Annotation reports – alignemnts
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Annotation reports – alignemnts
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Annotation reports – alignemnts
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Annotation reports – alignemnts
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Annotation reports - quality
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Alignments of annotated proteins to curated proteins –
December 2014

Query (full ) or target (dashed) percent coverage

Cumulative number of genes with an alignment 

to UniProtKB/Swiss-Prot curated proteins

Black rockcod – contig N50 = 17 Kb

Tongue sole – contig N50 = 27 Kb

Amazon molly – contig N50 = 57 Kb 

Zebrafish – contig N50 = 1,258 Kb
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Birds – Why assembly quality matters

rifleman
Acanthisitta chloris

common
canary

Serinus canaria

bald eagle
Haliaeetus leucocephalus

Assembly
ASM69581v1, 

GCF_000695815.1
SCA1, 

GCF_000534875.1
Haliaeetus_leucocephalus-4.0, 

GCF_000737465.1

Contig N50 20,602 53,884 105,493

Scaffold N50 64,469 17,815,079 9,145,499

Coding genes 15,064 14,775 15,227

Partial genes 8,312 1,171 629

Human orthologs 10,230 12,450 13,281
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Case study - Number of genes with SwissProt hits
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Request an annotation

http://www.ncbi.nlm.nih.gov/genome/annotation_euk
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NCBI Genome Resources Workshop
• 12:50– 1:15 Improving the Flow of Data to NCBI Sequence 

Repositories, SRA and GenBank
Ilene Mizrachi

• 1:15– 1:40 Variation at NCBI: Resources, Tools and Submissions
Jennifer Lee

• 1:40– 2:05 Update on the Eukaryotic Genome Annotation 
Pipeline
Françoise Thibaud-Nissen

• 2:05– 2:30 From Genes to Genomes – New Features and Data 
Access 
Kim D. Pruitt

• 2:30– 2:50 Annual Report
Tatiana Tatusova

• 2:50-3:00  Questions & Discussion NCBI Booth 618
info@ncbi.nlm.nih.gov


